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Although two-dimensional echocardiography is the most
widely used noninvasive technique for evaluating left ven-
tricular size and function, clinical application of quantitative
methods have never taken hold and most practitioners rely
on qualitative assessment. Methods for two-dimensional
quantitation were developed and validated in the late 1970s
(1) and normal values for left ventricular volumes were
established in both children and adults (2,3) . Nevertheless,
established experts in the field continue to debate the subject
of "trackball" versus "eyeball ." Both practical and techni-
cal factors have contributed to the lack of general accep-
tance of routine echocardiographic quantitation . The manual
task of tracing endocardium is time consuming, requires
training and necessitates tying up the ultrasonograph itself or
purchasing an expensive of line computer . Although essen-
tial in the research setting, these computers have not been
widely employed in clinical practice for The purpose of
quantitation. Moreover, meth ,ds that rely on planimetry
requirte excellent definition of endocardial borders, which is
not always possible from the reflected specular echoes that
depend on a perpendicularly oriented ultrasound beam . In
addition, intertechnician differences in both the acquisition
and the measuring technique have been shown to add
considerable variability to these measurements (4) . One
important source of this variability is related to freehand
transducer placement without referent.,: to specific anatomic
hmdmarks .
Advantaga wild limitations of automated border detection
system . Despite other differences in opinion, few cardiolo-
gists doubt that accurate, reproducible, noninvasive mea-
surements of left ventricular size and function are important
in clinical practice
. For example, the left ventricular end-
diastolic dimension and ejection fraction are the most impor-
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tant predictors of survival after myocardial irafavction . Ad-
ditionally, serial left ventricular measurements are an
integral component in the decision-making process leading
to valve replacement in patients with chronic valvular regur-
gitation . Thus, the Loncept of a reliable automated or even
semi-automated noninvasive system to provide this informa-
tion is highly attractive . In this issue of the Journal, Marcus
et al. (5) have studied a commercially available on-line
border detection system that was originally developed
through tissue characterization research on integrated ultra .,
sonic backscatter . The returning radiofrequency signals are
electronically squared and then averaged over each 3-us
interval, thereby reducing speckle and facilitating the auto-
mated identification of regions of high (myocardium) and low
(blood) signal power (6) . The border between endocardium
and blood pool is identified and automatically tracked with
an easily recognized highlighted line. Careful gain a(tiust-
ments are necessary ; excess gain results in an underestima-
tion of cavity area and insufficient gain results in poor
tracking. A region of interest surrounding the inscribed
endocardium must be manually drawn . Continuous curves
relating time to ventricular cross-sectional cavity area and,
more recently, volume are generated with automatic com-
putation of end-diastolic and end-systolic values . The cur-
rently available software can also calculate and display
derivatives of these curves, including fractional area change,
dA/dt, ejection fraction and dV/dt .
The developers of this technology are to be commended
for providing a practical quantitative echocardiographic
method; however, the issues of yield, reliability and repro-
ducibility still require careful study . Original reports of this
technology applied to both transthoracic echocardiography
(7,8) and transesophageal echocardiography (6) compared
on-line automated measurements with off-line manual mea-
surements of left ventricular area . Adequate endocardial
delineation by the automated technology was possible in
approximately 60% to 70%® of transthoracic and 80% of
transesophageal echocardiographic studies . Since both the
automated and manual methods are highly dependent on
image quality, it is important to compare this new technique
independently with a quantitative technique not based in
ultrasound.
Marcus et al . (5) have begun the process of validating
these measurements against other noninvasive methods . In
10 normal volunteers, they compared left ventricular cross-
sectional cavity areas and fractional area changes obtained
with automated border detection with those measured by
ultrafast computed tomography . Computed tomographic
slices were carefully selected to match the midpapillary
short-axis view of the left ventricle . Despite the addition of
lateral gain compensation to the automated border detection
technology employed by these investigators (absent in pre-
viously published studies), they had interpretable images in
only 10 (56%) of 18 subjects . As in previous comparisons
with direct manual tracings, automated border detection
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insignificantly underestimated end-diastolic area and over-
estimated end-systolic area compared with cine computed
tomographic measurements (6,8) . However, this slight mis-
match of estimates in areas has resulted in a marked under-
estimation of fractional area change . Although a small pop-
ulation was studied with the two technologies the data are
carefully presented using the Bland-Altman bias analysis and
are consistent with the data from previous reports .
Clinicians and researchers currently using backscatter-
based automated border detection need to be aware of
limitations inherent in the early phases of its development
and application. Specifically, some specialized training is
necessary even for experienced sonographers, and measure-
ments cannot be accepted wit out reviewing the adequacy of
endocardial and myocardial tracking within the manually
drawn region of interest . Accurate automated border detec-
tion measurements remain dependent on an excellent
echocardiographic image and, thus, in adults, the yield
during transthoracic studies remains low even with the
addition of lateral gain compensation . The yield is increased
by the improved resolution with transesophageal imaging
and automated border detection technology should be able
to assist the anesthesiologist in monitoring changes in vol-
ume and function ; however, repeat gain adjustments may be
necessary with marked changes in heart size. In addition to
the limitations set by image quality and gain settings, there
are important differences in the method of quantitation
employed in the automated border detection system com-
pared with that of conventional manual measurements . In
the former, papillary muscles are excluded from the cavity
area whereas they are included in the latter . Moreover,
volume measurements (only recently available) are derived
from a single plane and may be unrepresentative of global
filling an .1 function in the presence of coronary artery disease
with segmental wall motion abnormalities .
01h ;;i .merging technologies . Even with the expected
growing pains of a newly developed technology, automated
border detection is currently the only noninvasive method
that generates continuous on-line measurements of ventric-
ular F :zc and function . However, backscatter-based auto-
mated border detection is only one of a family of emerging
technologies, including Doppler-based tissue imaging, phase
mapping and three-dimensional reconstruction that will ulti-
mately advance the use of ultrasound-based quantitation .
Color Doppci"Ibascd tissue imaging and endocardial phase
mapping are currently applicable to quantitation of segmen-
tal function, whereas three-dimensional reconstruction has
been applied to global measurements .
Color Doppler-based tissue imaging . This technique
uses low frequency Doppler shifts generated by the moving
myocardium and filters out those generated by the blood
pool . Color mapping of the myocardium varies over the
cardiac cycle and is dependent on both velocity and ('irec-
tion of the endocardial motion . Marcovitz et al
. (9) ree ., ntly
employed Doppler tissue imaging during dobutamine stress
and found that it accurately identified segmental wall motion
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abnormalities. The current system tracked only moving
endocardium and akinetic walls were not color encoded
(9,10) . As
currently
designed, Doppler tissue imaging would
be useful for quantifying global left ventricular size and
function only in normal hearts because the decreased motion
of diseased myocardium produces little or ro shift in veloc-
ity. Nevertheless, this line of research represents a novel
approach that deserves careful investigation;and may add
needed objectivity to segmental wall motion analysis during
both stress echocardiography and transesophageal echocar-
diographic monhoring . The potential use of this technology
for global measurements of left ventricular size and functiou
awaits further investi gation .
Endocardial phase mapping . A related but not identical
area of development is known as phase mapping of the
endocardium . Using customized computer software,
changes in individual pixel intensity over the cardiac cycle
are filled to a first harmonic curve . The pixel intensity is
characterized by amplitude of the curve and the onset of
contraction is related to the phase angle, The phase angles
are color encoded and superimposed on the image analyzed .
In patients with Wolff-Parkinson-White syndrome, phase
mapping of echocardiographic images localized accessory
pathways to the region of myocardium contracting earlier
than the remaining walls (11) . This technique has potential
applications in coronary artery disease because ischemic
segments exhibited both tardokinesia and hypokinesia that
result in a phase Lngle shift . Preliminary data from our
laboratory suggest t at phase mapping may improve sensi-
tivity during stress imaging .
'rnee-dimensionalI reconstruclio, . One of the most
promising areas of investigation in echocardiographic quan-
titation is in three-dimensional reconstruction with the major
advantage of eliminating any reliance on geometric models .
Spark gap transducer localizing devices have recently been
developed and integrated into standard echocardiographic
systems for three-dimensional reconstruction (12,3) . Hand-
schumacher et al . (13) recently reported their experience
using such an integrated system in phantom models, excised
hearts and patients . Direct volume measurements in phan-
tom models and excised hearts agreed within 3% and 6% of
the mean value, respectively . Agreement of in vivo three-
dimensional-derived stroke volumes and Doppler-derived
stoke volumes was within -4%. Using a similar integrated
system, King et al
. (14) have demonstrated an approximately
threefold reduction in the variability of left atrial and left
ventricular volume measurements (5.0%, 3.1%, respec-
tively) over standard twc,-dimensional measurements (14 .6%
and 9.1%, respectively). An even greater variability in
standard left ventricular volume (18.9%) and mass (35 .3%)
measurements is observed if studies performed on a second
occasion are included in the analysis (4) . When the results of
serial measurements form the basis for clinical decision
making (e .g
., the timing of valve replacement) or the evalu-
ation of a new pharmaceutical agent (e.g
., antihypertensive
therapy in regression of left ventricular hypertrophy), the
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importance of reproducibility cannot be overemphasized
(15) .
(Conclusions . Thus, even with current limitations, back-
scatter-based automated border detection, in addition to
other methods under investigation, does offer hope in the
search for "intelligent" (i .e ., more timely and practical
echocardiographic) quantitation . Few observers would seri-
ously question the wisdom of baseball star Yogi Berra when
he said, "You can observe a lot just by watching ." How-
ever, a great deal more will be observed when reliable,
automated quantitation of echocardiographic images is fi-
nally achieved, and then the "trackball" versus "eyeball"
debate will he permanently laid to rest .
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